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1. INTRODUCTION 

Th i s  semiannual r e p o r t  covers  t h e  a c t i v i t i e s  i n  t h e  pe r iod  from 

A p r i l  1, 1969 t o  December 1, 1969. 

A survey r e p o r t  of p u b l i c a t i o n s  on t h e  problem of antenna impedance 

in a  plasma has  been completed and w i l l  be  d i s t r i b u t e d  s h o r t l y  C2.11. 

The c u r r e n t  d i s t r i b u t i o n  on a t h i n  conducting an tenna  i n  a  magneto 

plasma i s  be ing  computed by numerical  methods [2 .2] .  

The experimental  s tudy  of t h e  s h o r t  d ipo le  i n  a  magneto plasma h a s  

been cont inued dur ing  t h e  summer. Some unexpected e f f e c t s  have been 

observed and a thorough r e i n t e r p r e t a t i o n  of  previous r e s u l t s  w i l l  have 

t o  b e  conducted [2.3] .  

The problem of r a d i a t i o n  from a  waveguide i n t o  a  l aye red  plasma 

medium has  been solved by a  new method. The r e s u l t s  should b e  u s e f u l  

in eva lua t ing  measurements taken w i t h  a  s l o t  antenna. Th i s  e f f o r t  i s  

completed r2.41. 

The n o i s e  experiment r e q u i r e s  much c a r e f u l  p repa ra t ion .  A new 

tube  has  been cons t ruc ted .  The magnetic c o i l s  have been completed and 

t e s t e d  [2 .5] .  

Diagnos t ic  and remote probing l ead  d i r e c t l y  t o  " inve r se  problems" 

where t h e  medium p r o p e r t i e s ,  i n  genera l  non-uniform, a r e  t o  be deduced 

f o r  example from measurement of r e f l e c t i o n s  ( s c a t t e r i n g ,  impedance ...) 
a s  a  func t ion  of frequency o r  inc idence  angle .  New methods of "optimiza- 

t i on"  a r e  be ing  appl ied  t o  t h e s e  problems. I n i t i a l  r e s u l t s  a r e  encouraging 



2 .1  L i t e r a t u r e  Survey: Theory and Experiments on Antennas i n  Plasmas - 

S. W. Lee and M. Al-Hakkak 

The g o a l  of t h e  survey was t o  review t h e  l a r g e  number of papers  

t h a t  were publ i shed  i n  t h e  p a s t  few y e a r s  on t h e  t o p i c  of antennas i n  

plasmas and, i n  p a r t i c u l a r ,  t h e o r e t i c a l  and experimental  papers  on 

c y l i n d r i c a l  o r  w i re  antennas.  

The survey  has  been completed and a t e c h n i c a l  r e p o r t  w i l l  be  

i s sued  s h o r t l y .  

I 
2.2, C y l i n d r i c a l  Antenna i n  a Magnetoplasma - P.  Klock and G. A .  Deschamps 

1 

1 A t h e o r e t i c a l  s tudy  t o  f i n d  t h e  cu r r en t  d i s t r i b u t i o n  on a t h i n  
I 
1 

d e a r  antenna wi th  a r b i t r a r y  e x c i t a t i o n  i n  an i n f i n i t e ,  homogeneous 

and cold magnetoplasma i s  be ing  considered.  

The approach c u r r e n t l y  be ing  used i s  t h e  method of moments. The 

antenna i s  p a r t i t i o n e d  i n t o  subsec t ions  sma l l  i n  t e r n s  of wavelength. 

On each subsec t ion  a uniform cu r ren t  of unknown magnitude and phase i s  

assumed t o  be flowing along t h e  s u r f a c e  i n  t h e  d i r e c t i o n  of t h e  a x i s  of 

t h e  antenna ( t h i n  w i r e  approximation).  The e l e c t r i c  f i e l d  i s  computed 

from each cu r ren t  and t h e  t o t a l  e l e c t r i c  f i e l d  from a l l  c u r r e n t s  is s e t  

equal  t o  t h e  nega t ive  of t h e  e x c i t i n g  f i e l d  a t  t h e  c e n t e r  of t h e  subsec t ion  

r e s u l t i n g  i n  a s e t  of l i n e a r  a l g e b r a i c  equat ions  f o r  t h e  magnitude and 

phase of t h e  c u r r e n t s  i n  each subsec t ion .  

The computation of t h e  e l e c t r i c  f i e l d  from t h e  cu r r en t  i n  one 

subsec t ion  i s  p a r t i c u l a r l y  involved due t o  t h e  medium being a n i s o t r o p i c .  

A technique of computing the  f i e l d s  of a d ipo le  source  i n  a magnetoplasma 

suggested by M i t t r a  and Deschamps is  being used. I n  t h i s  method t h e  

s i n g u l a r  terms (ones which become i n f i n i t e  a s  t h e  antenna a x i s  i s  



approached) a r e  computed i n  c losed  form and t h e  f i n i t e  terms a r e  computed 

i n  terms of an i n t e g r a l .  The f i n i t e  terms a r e  not  e x p r e s s i b l e  i n  f i n i t e  

combination of t h e  elementary func t ions .  

A t  p r e s e n t  t h e  express ion  f o r  t h e  f i e l d  i n  Z d i r e c t i o n  from a  Z 

d i r e c t e d  cu r r en t  have been obta ined .  The s t r o n g  s t eady  magnetic f i e l d  

i s  i n  t h e  Z d i r e c t i o n .  Some p rog res s  has  been made i n  t h e  eva lua t ing  

p a r t s  of t h e  Z d i r e c t e d  f i e l d s  w i th  a i d  of a  d i g i t a l  computer. 

It is a n t i c i p a t e d  t h a t  t h e  f i e l d s  w i l l  be  computed and t h e  s e t  

o f  l i n e a r  equat ions  found f o r  t h e  unknown c u r r e n t s .  This  s e t  of equat ions  

w i l l  be  so lved  by i n v e r t i n g  t h e  ma t r ix  of c o e f f i c i e n t s  t o  f i n d  t h e  
1 

c d r e n t s  f o r  t h e  given a r b i t r a r y  e x c i t a t i o n .  
\ 
1 

2.,3 
Impedance of a  Shor t  Dipole i n  a  Magnetoplasma - R. J .  Kos te ln icek  

and R. M i t t r a  

A. I n t roduc t ion  

Both d.c.-probe and sma l l  impedance measurements were conducted 

on an e l e c t r i c a l l y  s h o r t  balanced d i p o l e  i n  a  l abo ra to ry  plasma wi th  and 

wi thout  a  d .c .  magnetic f i e l d .  Three o r i e n t a t i o n s  of t h e  probe antenna 

w i t h  r e spec t  t o  t h e  magnetic f i e l d  were employed f o r  t h e  d . c .  probe 

measurements, and only one o r i e n t a t i o n  f o r  t h e  impedance measurements. 

B.  D i r e c t  Current Probe Measurements 

Langmuir probe measurements were c a r r i e d  out by employing a  p a r a l l e l  

connect ion of  t he  antenna c e n t e r  conductors b iased  r e l a t i v e  t o  t h e  anode 

of t h e  d ischarge  tube. The impetus f o r  such measurements was t o  become 

f a m i l i a r  w i t h  the  d ischarge  c h a r a c t e r i s t i c s .  It was hoped t h a t  some 

knowledge of t h e  plasma frequency could be obtained ; however, t h i s  was 



n o t  t h e  case.  In s t ead ,  some i n t e r e s t i n g  probe c h a r a c t e r i s t i c s  were 

encountered. It was found t h a t  without  c a r e f u l  s c r u t i n y  on t h e  p a r t  

o f  t h e  e x p e r i m e n t a l i s t ,  t h e  d . c .  c h a r a c t e r i s t i c s  could l ead  t o  erroneous 

conclus ions .  

F igures  1 through 3 show Langmuir probe c h a r a c t e r i s t i c s  f o r  t h r e e  

probe o r i e n t a t i o n s ;  0 ,  45, and 90. Note t h e  "too typ ica l "  shape o f  t h e  

c h a r a c t e r i s t i c  of t h e  90 curve. A t  f i r s t  s i g h t ,  one suspec t s  almost a  

p e r f e c t  Boltzmann behavior  i n  t he  e l e c t r o n  a c c e l e r a t i n g  reg ion  of t h e  

curve due t o  t h e  l i n e a r  behavior  as p l o t t e d  on semi-log paper.  However, 

f o r  t h e  o r i e n t a t i o n s  of  45 and 0  one f i n d s  a  depa r tu re  from t h i s  l i n e a r  

behavior .  

The 90 curve a l s o  i n d i c a t e s  a textbook behavior  i n  t h e  e l e c t r o n  

s a t u r a t i o n  reg ion .  However, a  comparison wi th  s i m i l a r  c h a r a c t e r i s t i c s  

f o r  d i f f e r e n t  d i scharge  cu r r en t  and gas p re s su res  r e v e a l s  t h a t ,  a s  is  

t h e  case  i n  F igure  3 ,  t h e  d . c ,  probe cu r ren t  i n  t h e  s a t u r a t i o n  reg ion  

w a s  always asymptot ic  t o  t he  d .c .  d i scharge  tube  c u r r e n t .  P l ac ing  an 

ammeter i n  t h e  anode c i r c u i t  revea led  t h a t  t h e  sum of  t h e  probe c u r r e n t  

and anode c u r r e n t  was a  cons tan t  and equal  t o  t h e  anode cu r ren t  w i th  

t h e  probe b iased  deep i n  t h e  e l e c t r o n  r e t a r d a t i o n  region.  The conclusion 

seems t o  be t h a t  t h e  probe a c t s  a s  a p a r t i a l  anode. I n  f a c t ,  when t h e  

probe i s  b iased  t h r e e  v o l t s  o r  more p o s i t i v e  r e l a t i v e  t o  t he  a c t u a l  

anode, t he  probe r ece ives  t h e  t o t a l  d i scharge  cu r r en t  and i s ,  i n  f a c t ,  

t h e  anode of t h e  d ischarge  i t s e l f .  Figures  1 and 2 indi .cate  t h a t ,  as 

t h e  antenna a x i s  a r e  brought c l o s e r  toward coincidence,  t he  probe behaves 

l e s s  l i k e  an anode and the  r e s u l t  i s  a  degrada t ion  of t h e  Langmuir probe 

c h a r a c t e r i s t i c .  The cu r ren t  c o l l e c t e d  by t h e  antenna seems t o  be d i r e c t l y  

r e l a t e d  t o  t h e  a r ea  p ro j ec t ed  by the  probe on a  phase normal t o  t h e  tube 

a x i s .  

4 



The above observa t ions  suggest  t h a t  t h e  probe may be too l a r g e  

f o r  t h e  c ros s  s e c t i o n a l  a r e a  of t h e  p re sen t  d i scharge  tube ,  s i n c e  t h e  

probe has a  s e v e r e  i n f luence  on d ischarge  c u r r e n t .  Whether t h e  l o c a l  

plasma cond i t i ons  a r e  a l t e r e d  o r  n o t  i s  not  ev iden t ,  s i n c e  i t  may w e l l  

b e  t h a t  t h e  d .c .  probe c h a r a c t e r i s t i c  due t o  t h e  random plasma c u r r e n t  

is obscured by t h e  discharge-current-capture e f f e c t  of t h e  probe.  

Displayed i n  Figure 4 a r e  Langmuir probe c h a r a c t e r i s t i c s  f o r  t h r e e  

d i f f e r e n t  a x i a l  magnetic f i e l d s .  The c u r r e n t  i n  t he  f i e l d  c o i l s  a r e  

given a s  I i n s t e a d  of t h e  a c t u a l  f i e l d  i n t e n s i t y .  The e f f e c t  of 
B 

i n c r e a s i n g  t h e  a x i a l  magnetic f i e l d  on each probe o r i e n t a t i o n  w a s  t o  

decrease  t h e  probe cu r ren t  c o l l e c t i o n .  This  decreasement seems t o  be  

I 
i n , l i n e  wi th  a  channel ing of t h e  random cu r ren t  dens i ty  along t h e  magnetic 

I 

f i e l d  l i n e s ,  and thereby reducing t h e  e f f e c t i v e  a r e a  of t h e  probe. 

C. Radio Frequency 

Due t o  t h e  un fa i th fu lnes s  of t h e  Langmuir probe measurement, an 

a l t e r n a t i v e  approach was employed t o  determine t h e  plasma frequency.  

One h a l f  of t h e  d i p o l e  antenna was employed a s  a  t r a n s m i t t i n g  an tenna ,  

wh i l e  t h e  o t h e r  h a l f  was used f o r  r ece iv ing .  I n  gene ra l ,  i t  w a s  found 

t h a t  t h e r e  was a  marked change i n  t ransmiss ion  through t h e  plasma between 

250 and 600 MHz depending on t h e  d ischarge  cu r r en t  and gas p r e s s u r e .  

F igure  5 stlows the  plasma frequency f  f o r  s e v e r a l  va lues  of d i scharge  
P  

cu r r en t  and gas p re s su res .  Although we have no means of a s s z s s i n g  t h e  

accuracy of t h e s e  measurements, we n o t e  i n  genera l  t h a t  t h e  plasma 

frequency, a s  determined by t h i s  d a t a ,  i n c r e a s e s  wi th  both gas p re s su re  

and d ischarge  c u r r e n t ,  t he se  r e s u l t s  be ing  i n  l i n e  wi th  t h e  theory .  



Antenna admit tance measurements were c a r r i e d  out  f o r  va r ious  probe 

b i a s e s  and va lues  of magnetic f i e l d .  I n  gene ra l ,  i t  was found t h a t  t h e  

admit tance l o c i  had a  zero  reac tance  cross-over between 800 and 900 MHz; 

however, t h i s  cross-over was independent of probe b i a s  a s  i n d i c a t e d  by 

Figures  6 and 7. Probe b i a s e s  more p o s i t i v e  o r  nega t ive  than  t h o s e  of 

F igures  6 and 7 show l i t t l e  change. The probe o r i e n t a t i o n  i n  t h e s e  

measurements was 90'. 

F igures  8 through 11 show t h e  e f f e c t  of an i n c r e a s e  i n  t he  magnetic 

f i e l d .  That e f f e c t  i s  t o  r o t a t e  t h e  admit tance l o c i  clockwise, and 

t h e r e f o r e ,  remove t h e  i s o t r o p i c  plasma admit tance resonance. 

D . Conclusion 
I 

i NO at tempt  w a s  made t o  ob ta in  admit tance measurements of probe 

o r i e n t a t i o n s  o t h e r  than 90, s i n c e  d . c .  probe measurements i n d i c a t e d  

t h a t  t h e  probe i t s e l f  played a  s i g n i f i c a n t  r o l e  i n  t h e  d ischarge  c i r -  

c u i t r y .  Therefore ,  i t  was assumed t h a t  t h e  l o c a l  plasma condi t ions  

were s e v e r l y  e f f e c t e d  by probe b i a s .  

Although l i t t l e  R.F. information was obta ined ,  s i g n i f i c a n t  d . c .  

information w a s  r e a l i z e d .  We cau t ion  experimenters  t h a t  a w e l l  def ined  

s a t u r a t i o n  of t h e  Langmuir probe c h a r a c t e r i s t i c  could l e a d  t o  erroneous 

e l e c t r ~ n  d e n s i t y  informat ion ,  s i n c e ,  a s  was observed f o r  a  r e l a t i v e l y  

l a r g e  probe a s  compared t o  tube  d iameter ,  t h i s  s a t u r a t i o n  merely i n d i c a t e s  

t h a t  t h e  probe has  become t h e  tube anode. 

A number of impedance measurements taken i n  t h e  Spring 1969 and 

not  repor ted  p rev ious ly  a r e  be ing  reanalyzed t o  t ake  i n t o  account t h e  

p re sen t  r e s u l t s .  
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2.4 Radia t ion  from a  P a r a l l e l - P l a t e  Waveguide i n t o  a  Layered Plasma 

Medium - R. J ,  Kos te ln icek  and R .  M i t t r a  

The work on t h i s  a spec t  of t he  problem i s  e s s e n t i a l l y  completed. 

M r .  Kos te ln icek ' s  t h e s i s  i s sued  a s  S c i e n t i f i c  Report No. 12 i s  now 

be ing  rev ised  and condensed i n  view of pub l i ca t ion .  

2.5 Experimental I n v e s t i g a t i o n  of Antenna Noise i n  Magnetoplasma - 

T. S .  Wang and Y .  T. Lo 

M r .  Tun-Soo Wang jo ined  us  i n  t h i s  p r o j e c t  June 1969. During t h i s  

p e r i o d ,  t h e  major e f f o r t  has  been t h e  design and cons t ruc t ion  of a 

d i scha rge  tube  and magnetic c o i l s .  A t  t h i s  moment t h e  cons t ruc t ion  
I 

work i s  n e a r  completion and i t  i s  expected t h a t  some measurement w i l l  
I 

b e l s t a r t e d  soon. A f u l l  account of t h f s  cons t ruc t ion  work is  given 

below. 

A brush cathode d ischarge  tube was b u i l t  t o  genera te  t h e  plasma. 

The brush cathode cons i s t ed  of approximately 1600 tungs ten  rods brazed 

. o n  t o  a  3" diameter  molybdenum p l a t e .  The rods were f i r s t  sharpened 

by e l e c t r o l y t i c  e t c h i n g  i n  KOH s o l u t i o n .  These p i n s  were he ld  by a 

carbon j i g  on t h e  base  p l a t e  whi le  t h e  whole assembly was brazed i n  a  

hydrogen atmosphere furnace .  The p ins  and t h e  moly p l a t e  were bo th  

n i c k e l  p l a t e d  t o  i n s u r e  a good b raz ing  j o i n t .  A f t e r  t h e  needles  were 

on t o  t h e  base  p l a t e ,  t h e  n i c k e l  p l a t i n g  was etched o f f  t o  avoid s p u t t e r i n g  

i n s i d e  t h e  d ischarge  tube .  

The anode was made of 304 s t a i n l e s s  s t e e l .  Some ho le s  were d r i l l e d  

i n  t h e  s u r f a c e  of t h e  anode t o  i nc rease  i t s  s u r f a c e  a r e a .  This  i s  c a l l e d  

an i n v e r s e  anode. Inve r se  anode has  l e s s  tendency t o  g ive  anode s p o t s  

than  ord inary  f l a t  anode. 



Both t h e  anode and t h e  cathode had t h r e e  1/8" s t a i n l e s s  s t e e l  rods 

a t t ached  t o  t h e  back of i t s  base p l a t e s .  These rods a r e  used t o  provide 

e l e c t r i c a l  connect ions as  w e l l  a s  suppor ts  f o r  t h e  e l e c t r o d e s  t o  t h e  

d ischarge  tube .  Two c i r c u l a r  pyrex g l a s s  p l a t e s  were made and t h r e e  

sma l l  ho le s  were d r i l l e d  on each g l a s s  p l a t e  t o  f i t  t h e  s t a i n l e s s  s t e e l  

rods a t  t h e  back of t h e  e l e c t r o d e s .  Then, t h e  e l e c t r o d e s  were a t tached  

t o  t h e  g l a s s  p l a t e s  by us ing  epoxy t o  s e a l  t h e  s t e e l  rods  t o  t h e  ho le s .  

L a t e r  t h e  g l a s s  p l a t e s  were put  on both ends of t h e  d i scha rge  tube  and 

s e a l e d  wi th  t o n  s e a l  epoxy. (See F igure  1 ) .  

A smal l  d i p o l e  antenna w i l l  b e  put  i n t o  t h e  tube  through an O-ring 

j o i n t  at t h e  s i d e  of t h e  tube.  This  arrangement w i l l  a l low us t o  r o t a t e  

t h e  antenna i n  o rde r  t o  change t h e  antenna angle  wi th  r e spec t  t o  t h e  

e x t e r n a l  magnetic f i e l d .  

A double-probe wi th  two t h i n  tungs ten  rods f o r  measuring t h e  e l e c t r o n  

d e n s i t y  of t h e  plasma is  under cons t ruc t ion .  It w i l l  b e  i n s e r t e d  i n t o  

t h e  tube  by us ing  a  quick coupling.  The probe is removable. 

The whole system is  connected t o  a  Vecco high vacuum pumping s t a t i o n .  

Pump-down i s  followed by s e a l i n g  o f f  t h e  d ischarge  tube  then  b a c k - f i l l i n g  

w i t h  helium. Back-f i l l ing  can be con t ro l l ed  by a  micrometer pin-valve 

and t h e  helium p res su re  i s  checked by an Sutovac - P r i a n i  gauge which 

has  been c a l i b r a t e d  f o r  hel ium by t h e  manufacturer .  

The e x t e r n a l  magnetic f i e l d  i s  suppl ied  by a  p a i r  of Helmholtz 

c o i l s  placed around the  tube as  shown i n  Figure 1. The a c t u a l  Helmholtz 

c o i l s  should b e  i n  t h e  shape of a  frustum of r i g h t  c i r c u l a r  cone i n  

o rde r  t o  s a t i s f y  the  r e l a t i o n  D = 1 (See Figure 2 )  f o r  every t u r n .  
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Figure  5 



We found t h a t  i t  was very d i f f i c u l t  t o  wind a mul t i - layer  cone 

shape c o i l ,  t h e r e f o r e  we made t h e  p re sen t  c o i l s  a s  shown i n  Figure 3. 

The c o i l s  were made of No. 12 copper wire  and each had 720 t u r n s  wound 

i n  24 l a y e r s .  The magnetic f i e l d  was measured by us ing  a Beckman H a l l  

device.  The maximum f i e l d  s t r e n g t h  without  exces s ive  h e a t i n g  i s  about 

350 gauss.  Th i s  f i g u r e  can be increased  i f  e l e c t r i c  f ans  a r e  used t o  

coo l  t h e  c o i l s .  The magnetic f i e l d  near  t h e  c e n t e r  of t h e s e  Helmholtz 

c o i l s  was found t o  be  reasonably uniform. Some t y p i c a l  p l o t s  of f i e l d  

i n t e n s i t y  a r e  shown i n  Figure 4 .  The photograph i n  Figure 5 shows t h e  

e n t i r e  assembly wi th  t h e  r e a r  magnetic c o i l  d i sp l aced  i n  o rde r  t o  show 

t h e  cathode s t r u c t u r e .  

2.6 Diagnos t ics  and Remote Probing - R. M i t t r a ,  M. Mostafavi and 

D. Schaubert 

Two s e p a r a t e  techniques a r e  under i n v e s t i g a t i o n  f o r  remote probing 

of a non-uniform medium whose r e f r a c t i v e  index e i t h e r  v a r i e s  con t inua l ly  

o r  i n  a s t r a t i f i e d  manner. The f i r s t  of t h e s e  is  based on a parameter 

op t imiza t ion  approach i n  which t h e  inhomogeneity ' of t h e  medium i s  

descr ibed i n  terms of a s e t  of unknown parameters .  These parameters 

a r e  next  determined by computer search  a lgor i thms t h a t  seek t o  minimize 

a performance index func t ion .  The performance index P f o r  t h i s  problem 

is  defined a s  t h e  norm of t he  d i f f e r e n c e  between t h e  r e f l e c t i o n  coef- 

f i c i e n t  R f o r  t h e  a c t u a l  medium and R '  f o r  a medium cha rac t e r i zed  by a 

t r i a l  s e t  of parameters which a r e  t o  be  optimized. Thus 



where 0 i s  t h e  i n c i d e n t  angle  of t h e  plane wave and k i s  t h e  f r e e  
n  m 

space wave number -and t h e  problem i s  t o  minlmize F by vary ing  t h e  medium 

parameters.  Both cont inuously varying and s t r a t i f i e d  media have been 

s t u d i e d  by ~ o s e n b r o c k ' s  op t imiza t ion  method wi th  f a i r l y  good succes s .  

The method'has a l s o  been s u c c e s s f u l l y  appl ied  t o  r a d i a l l y  inhomogeneous 

media. However, one b a s i c  d i f f i c u l t y  wi th  t h i s  method i s  t h a t  i t  only 

f i n d s  t h e  l o c a l  mimina of  t h e  func t ion  P and i t  i s  no t  p o s s i b l e  t o  

program t h e  computer t o  au tomat ica l ly  i t e r a t e  t o  t h e  des i r ed  s o l u t i o n .  

An a l t e r n a t i v e  method, c a l l e d  t h e  conjugate  g rad ien t  method which i s  

capable of sys t ema t i ca l ly  i t e r a t i n g  t o  a  more r e l i a b l e  minimum where 

bo th  t h e  func t ion  va lue  and t h e  g rad ien t s  a r e  minimized, is c u r r e n t l y  

be ing  s tud ied  f o r  opt imal  s o l u t i o n  of t h e  minimizat ion problem. I n i t i a l  

r e s u l t s  i n d i c a t e  t h a t  t h e  method i s  capable of y i e l d i n g  r e s u l 2 s  w i th  

g r e a t e r  accuracy and f o r  l e s s  amount of computer t ime.  

A few of t he  inve r s ion  r e s u l t s  obtained by t h e  opt imiza t ion  technique 

a r e  shown i n  Figure 1. It may be seen t h a t  t h e  r e s u l t s  a r e  q u i t e  good 

f o r  simple p r o f i l e s .  T e s t s  a r e  be ing  conducted wi th  more gene ra l  p r o f i l e s  

K(x) t o  a s se s s  the  r e l i a b i l i t y  of t h i s  technique.  

The second method f o r  determining t h e  c h a r a c t e r i s t i c s  of an in-  

homogeneous medium involves  an i t e r a t i v e  s o l u t i o n  of a  non l inea r  i n t e g r a l  

equat ion  
.. L 

Here K(x) i s  the  r e l a t i v e  permeabi l i ty  of t h e  nonuniform medium; 

u  = k  s i n  8;  8 = angle  of incidence of t h e  probing p lane  wave; 

k = wave number; G(u,x ) i s  known Green's func t ion ;  $(x ,u) = wave 
0 0 



func t ion  i n  t h e  nonuniform medium. The wave func t ion  $ s a t i s f i e s  t h e  

equat ion  

2  2 
$" + Ek K(x) - u ) IJJ = 0 

and the  boundary cond i t i on  IJJ = 0 at x  = L.  I t  can be  ca l cu la t ed  by 

a  number of techniques i f  K(x) is-known.  However, i t  must be  regarded 

as a  dependent unknown as f a r  a s  (2) is concerned, s i n c e  K(x) i t s e l f  i s  

n o t  known'. One could,  i n  p r i n c i p l e ,  de r ive  an i t e r a t i v e  s o l u t i o n  by 

assuming a K ( x ) ,  c a l c u l a t i n g  t h e  corresponding (x ,u ) ,  so lv ing  f o r  a  
0 0 

new K(x) by s u b s t i t u t i n g  IJJo (2) '  and f i n a l l y  r e p e a t i n g  t h e  e n t i r e  pro- 

cedkre n t imes u n t i l  convergence i s  achieved. Runge-Kutta technique has  

been employed f o r  ob ta in ing  $(x,u) f o r  a  given K(x) and ma t r ix  methods i s  

usbd f o r  subsequent s o l u t i o n  of t h e  i n t e g r a l  equat ion .  An i n v e s t i g a t i o n  

of t h i s  procedure has revealed t h a t  t h e  ma t r ix  a s soc i a t ed  wi th  t h e  ke rne l  

of t h e  i n t e g r a l  equat ions  i s  i l l - cond i t i oned ,  and hence,  t h e  chances f o r  

t h e  success  of t h e  i t e r a t i v e  method does no t  appear t o  be  very  promising. 

For t h i s  reason an a l t e r n a t e  method i s  c u r r e n t l y  be ing  developed t o  

circumvent t h i s  type  of d i f f i c u l t y .  The new method al lows t h e  e x c i t a t i o n  

of  t h e  s o l u t i o n  by a d i r e c t  technique t h a t  r e q u i r e s  no i t e r a t i o n  b u t  

only a s i n g l e  ma t r ix  i nve r s ion  which can be  e f f e c t e d  i n  a  c losed form. 

The method i s  based on t h e  fol lowing a n a l y s i s .  Rewrite (2) a s  

Note t h a t  IJJ and a(u), have been w r i t t e n  e x p l i c i t y  a s  func t ions  of t h e  

wave number k ,  and i t  is ind ica t ed  t h a t  G and K a r e  indepenclent of t h i s  

parameter ,  Now expand $ and a  i n  power s e r i e s  of k t o  ge t  



2 2 
k l K(%) [ $ 0 ( ~ 0 9 ~ )  + k $ l ( ~ O , ~ )  + k q2(xo,u)  = ... IG(u9x o )dx o 

0 

2 (5) 
= a. (u) + kal (u) + k a2 (u) + . . . 

Equating t h e  povers of k on both  s i d e s  of ( 5 ) ,  one ob ta ins  

a (u) = 0; a (u) = 0 
0 1 (6) 

and s o  on. 

Since a (u ,k)  i s  a known func t ion ,  (6) y i e l d s  no new informat ion .  
- - -  - - - - - - - 

However, (7) t u r n s  out  t o  be  i n  a form very d e s i r a b l e  f o r  determining 

K(x) . This  i s  because qo(x,u)  = l i m  $(x,u) i s  known e x a c t l y  a s  may 
k-to 

be  seen  by r e fe rence  t o  (3). I n  t h e  l i m i t  k-to, $(x,u)  becomes independent 

of K(x) and hence qo(x,u)  can be  determined exac t ly .  It fo l lows ,  t hen ,  

t h a t  t h e  ke rne l  I) (x ,u)  G(x ,u) is  a known func t ion ,  and hence may 
0 0 0 

b e  inve r t ed  us ing  convent ional  techniques ,  r a t h e r  than by i t e r a t i v e  

means which was requi red  f o r  r e so lv ing  (2 ) .  The numerical  behavior  

of (7) i s  c u r r e n t l y  being i n v e s t i g a t e d  and t h e  r e s u l t s  w i l l  be  r epo r t ed  

dur ing  t h e  next  per iod .  

3 .  PUBLICATIONS AND TRAVELS 

The l i t e r a t u r e  survey on antennas impedance on a plasma w i l l  b e  

soon ready f o r  d i s t r i b u t i o n  i n  r e p o r t  form. 

C. Liang's  t h e s i s  w i l l  a l s o  be  i ssued  a s  a r e p o r t .  

R. Kos te ln icek ' s  t h e s i s  has  been submit ted f o r  p u b l i c a t i o n  t o  

Radio Science.  



R. Kostelnicek a t tended  the  Conference on Environmental E f f e c t s  

on Antenna Performance i n  Boulder,  Colorado, J u l y  16-18, 1969 and 

presented  a paper  (co-authored wi th  R.  M i t t r a )  on "Radiation From 

a P a r s l l e l - P l a t e  Waveguide i n t o  an Inhomogeneously F i l l e d  Space". 

G. A .  Deschamps and R. M i t t r a  a t t ended  t h e  X V I  General Assembly 

of  URSI i n  Ottawa, Canada, August 1969. 
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F inanc ia l  information i s  contained i n  t h e  Quar te r ly  F inanc ia l  

Reports submit ted by t h e  Univers i ty-  of I l l i n o i s  Business Off ice-  on 

Form No. 1030. 



F i g u r e  1. P r o f i l e  of d i e l e c t r i c  c o n s t a n t  K(x) f o r  a s l a b  t e r m i n a t e d  by 
a p e r f e c t  corlductor a t  x = L. ~ o s e n b r o c k ' s  Method. 



8.00 

---- Exact Profile = e2' 

. . 
F i g u r e  2 .  P r o f i l e  of d i e l e c t r i c  c o n s t a n t  R(x) f o r  a s l a b  t e r m i n a t e d  by 

a  p e r f e c t  conductor  a t  x = L .  Conjugate  Grad ien t  Method. 



---- Exact Profile = I + x sin 2 7 r x  

Profile Deduced by 
Conjugate Gradient Met hod 

, 
Figure  3 .  P r o f i l e  of d i e l e c t r i c  cons tan t  f o r  a s l a b  te rmina ted  by a 

p e r f e c t  conductor a t  x = L.  Conjugate Gradient  Method. 



---- Exact Prof i le = 1+.5x 

Prof i le deduced by 
2.00 Conjugate Gradient Method 

Figure  4. P r o f i l e  of  d i e l e c t r i c  cons t an t  f o r  a s l a b  te rmina ted  by a 
p e r f e c t  conductor  a t  x = L .  Conjugate Gradient  Method. 


